Objectives-Medical surveillance of workforces exposed to vibration has been recommended with the Stockholm workshop scales. The aims of this study were (a) to evaluate how the results of the objective tests individually and jointly associated with the final Stockholm workshop staging, (b) how this staging related to the history of exposure to vibration, and (c) how diVerent trades were aVected by the hazards from vibrating tools. Methods-All workers exposed to vibration in a heavy engineering company were examined with a questionnaire and a battery of tests. (Occup Environ Med 2000;57:35-42) 
It has been estimated that in the United Kingdom 4 million people use hazardous vibration equipment and over 1 million are exposed in excess of the Health and Safety Executive's (HSE's) criterion for action (2.8 m/s 2 A(8)) There may be 170 000 people with symptoms of vascular vibration injury including around 20 000 cases of advanced disability. 1 Raynaud's phenomenon of occupational origin became prescribed disease A11 in the United Kingdom under the National Insurance (Industrial Injuries) Act in 1985. This prescription applies only to the vascular problems. During the 1980s the importance of neurological disorders after hand arm exposure to vibration was recognised. In 1986 the Stockholm workshop proposed the name hand-arm vibration syndrome (HAVS) and developed the Stockholm workshop scales. 2 3 These scales require the use of the symptomatic history and objective tests to arrive at a diagnosis of HAVS and an accurate staging.
The National Institute for Occupational Safety and Health (NIOSH) 4 in 1989, the Faculty of Occupational Medicine 5 in 1993, the HSE 6 in 1994, and the Industrial Injuries Advisory Council 1995 7 have all recommended that the Stockholm Workshop Scales (table  1) should replace the Taylor/Pelmear classification. 8 The HSE 6 has recommended that "It is not advisable for a worker to continue exposure (to vibration) if this is likely to result in the disease progressing to either stage 3 vascular or neurological."
This recommendation by the HSE can have serious implications for workers and their companies and makes accurate staging all the more important. As in 1 with reduced sensory perception 3
As in 2 with reduced tactile discrimination and manipulative dexterity
Letz et al 9 after their cross sectional epidemiological survey of a shipyard recommended "further study with objective, quantitative measures of peripheral neurological and vascular function. " We have not been able to trace any epidemiological studies which have used the Stockholm workshop scales and objective tests to show the prevalence of both the neurological and the vascular components of HAVS in a workforce or various trades exposed to vibration.
In a heavy engineering factory various trades were involved with vibratory tools because of the flexible working practices introduced in the 1980s. The extent of this hazard was not known and guidance was not available.
Letz et al 9 and NIOSH 4 have described the extreme variability between the acceleration measures found on the same tools in diVerent studies and even within studies. This precludes the use of the vibration dose to produce a cumulative acceleration exposure index for individual people. GriYn 10 has also drawn attention to the problems with the existing standards and weighting frequencies. It is for these reasons that control by medical surveillance has been recommended. [4] [5] [6] In this study the association of the final staging with the individual objective test results was investigated in an attempt to meet the recommendation of Letz et al. It also looked at the association of the vascular and neurological Stockholm staging with years of use of vibratory tools, total hours of exposure to vibration, and other variables including age and trade. The latent periods and prevalances in several trades were investigated.
Methods
The examinations took place in a dedicated room in the Occupational Health Department at the start of the working day before exposure to vibration. Each examination took between 2 and 2.5 hours. The first 50 examinations were performed by the first author and the rest by two trained nurses with the final staging being agreed with the first author. It took 3 years to complete the examinations. The workers included in the study represented 100% of the workforce exposed to vibration during the period of the study. There was no recruitment during this time. We consider this to be a cross sectional study despite the time required to complete the examinations. 15 16 (e) measurement of the thermal neutral zones and thermal pain thresholds with the Sonemedic Thermotest, 17 18 and (f) a controlled cold provocation test 15°C for 5 minutes. 19 The detailed symptomatic history was used to arrive at a diagnosis of HAVS. The results of the clinical examination and the objective tests were used to assess the severity of the damage and thereby a Stockholm workshop staging.
Details of the scoring system used to assess the extent of the abnormalities found with the aesthesiometry, thermal neutral zones, vibrotactile threshold, and controlled cold provocation test are given in table 2, and was similar to that used in a previous publication 20 and by Lawson. 21 The total neurological hand score was reached by adding the aesthesiometry, thermal neutral zones, and vibrotactile threshold scores. A neurological stage 1 had zero or low hand scores, (usually <8) and neurological stage 2 higher hand scores (usually >8). Borderline scores required a clinical judgement taking into consideration all the known facts. For a neurological stage 3 staging there had to be evidence of a loss of dexterity.
EXPOSURE TO VIBRATION
Welders used pneumatic grinders and pneumatic chipping hammers. All the other exposed workers used only pneumatic grinders although most of the dressers would have previously used caulking hammers. Unfortunately, the historical records of exposure to vibration were poor and it was not possible to reach reasonably accurate estimates of the dose. Therefore, before the start of the examinations, a 3 week study took place. The acceleration values of the tools and workers' exposure times were measured. The daily exposure times were estimated at (a) welders and platers 1.5 hours, (b) fitters 2 hours, and (c) dressers 5 hours.
These times include an allowance for overtime and weekend working. The factory had a normal working year of 225 days. The lifetime dose of exposure to vibration in hours was estimated for each worker, by the formula: average daily exposure time × 225 × years worked STATISTICAL 
METHODS
Because of small numbers of subjects in neurological stage 3, neurological stages 2 and 3 were combined for the analysis. For the same reason vascular stages 2 and 3 were combined. There were no cases of vascular stage 4. When comparing subjects in diVerent stages, 2 tests were used to test for association with categorical variables and one way analysis of variance (ANOVA) was used to compare mean values of continuous variables. For continuous variables with skewed distributions, except for the vibrotactile thresholds, the results of the one way ANOVA were confirmed by a Kruskal-Wallis test. As the Kruskal-Wallis test and the ANOVA gave very similar results only the results of the one way ANOVA are presented. For the vibrotactile thresholds, which are very positively skewed, a log transformation (base 10) was used to produce an approximate normal distribution before carrying out the one way ANOVA. For the controlled cold provocation test , the scores on a 1-8 scale had a U shaped distribution with 27% of subjects scoring 0 and 42% scoring 8. The controlled cold provocation test score was categorised by grouping scores of 1-7 together to facilitate the analysis.
Stepwise ordinal logistic regression 21 22 was used to determine which combinations of objective tests were most strongly associated with being in neurological stage 1 and neurological stage 2 or 3, after adjusting for the eVects of the other objective tests. Stepwise ordinal logistic regression was also used to determine which exposure history variables were most strongly associated with being in neurological stage 1 and neurological stage 2 or 3, after adjusting for the eVects of other variables in history.
Results
Symptoms were recorded for the right and left hands separately. However, as 158 subjects (96%) had both hands at the same neurological stage and 152 subjects (92%) had both hands at the same vascular stage with only three subjects having hands which diVered by two stages (all vascular), data are presented for the right hand only. Table 3 shows the relation between neurological and vascular stage. One hundred and two subjects (62%) had neurological symptoms (stage >1), whereas 55 subjects (33%) had vascular symptoms (stage >1), 61 subjects (37%) had neither neurological nor vascular symptoms, whereas 53 subjects (32%) had both neurological and vascular symptoms.
The mean age of the subjects was 41.4 (SD 11.3, range 19-61) years. There were 43% non-smokers, 22% ex-smokers, and 35% current smokers, and 94% were right handed. They had been exposed to tool use for an average of 23.3 (SD 11.3, range 3 to 47) years and their mean estimated total hours of exposure to tool use was 11 022 hours (SD 8707, range 1012-46 125 hours). Table 4 shows that the neurological staging was significantly associated with grip strength, aesthesiometry, thermal neutral zones, and vibrotactile threshold at both 31.5Hz and 125Hz. Stepwise ordinal logistic regression was carried where S=0.2863 × thermal neutral zones + 2.067 × log 10 (vibrotactile threshold 31.5). This model allows the probability of being at neurological stage 0, 1, or 2 or 3 to be estimated for a worker whose vibrotactile threshold 31.5 Hz and thermal neutral zones are known. 
STAGE AND OBJECTIVE TESTS

Neurological stage
Vascular stage
The only objective test specifically designed to detect vascular damage is the cold provocation test. However table 5 shows that the association between the controlled cold provocation test and vascular stage was not significant ( 2 test, p=0.36). Table 5 also shows that vascular stage is significantly associated with aesthesiometry, thermal neutral zones, and vibrotactile thresholds at both 31.5Hz and 125 Hz.
Stepwise ordinal logistic regression was carried out to identify the simplest model for predicting the vascular stage. Only thermal neutral zones (p=0.023) and log 10 vibrotactile threshold 125 Hz (p=0.005) were included in the final model. The relation between these and the vascular staging was not as strong as for the neurological staging. The vibrotactile threshold 125 Hz was more strongly associated with the vascular stage than the vibrotactile threshold 31.5 Hz. Table 6 shows the association between neurological stage and several explanatory variables. There is no significant association between stage and trade (p=0.15) or smoking habit (p=0.27). However for age, years of tool use, and total hours of exposure to tool use there was a significant increase in the mean from neurological stage 0 to neurological stage 1 and to neurological stage 2 or 3 (p<0.0001 in each case).
STAGE AND EXPOSURE HISTORY
Neurological stage
Stepwise ordinal logistic regression was used to investigate which of these variables were associated with the neurological stage, after adjusting for the eVects of all other variables. The most significant factor was the number of years of tool use. After this was entered into the model, none of the other explanatory variables were significant. The fitted model estimates the probability that a subject is at a particular neurological stage, for a given number of years of tool use, and can be summarised as follows:
where T = number of years of tool use. Table 7 shows the association between vascular stage and the explanatory variables. There is no significant association between stage and smoking habit (p=0.47), but there is a significant association between stage and trade (p=0.03) with dressers, in particular, being more likely to have symptoms. Age, years of tool use, and total hours of exposure to tool use were highly significant (p<0.0001), as for the neurological staging. Stepwise ordinal logistic regression was used to investigate which of these variables was associated with the vascular stage, after adjusting for the eVects of all other variables. Two variables were entered into the model-years of tool use (p<0.0001) and trade (p=0.005). No other variables were significant in addition to these two.
Vascular stage
The fitted model estimates the probability that a subject is at a particular vascular stage, for a given number of years of tool use for each trade. The numbers of platers and dressers in the sample is too small to allow probabilities for these categories to be estimated with acceptable precision. The model is summarised for the two largest occupational groups:
For welders:
For fitters: Figure 2 Relation between probability of neurological stage and years of tool use, based on ordinal logistic regression. 
Assessment of hand-arm vibration syndrome and the Stockholm workshop scales
where T = number of years of tool use. Figure 3 
Discussion
This study was carried out on a typical heavy engineering company. The use of vibratory tools was in no way exceptional.
As all workers exposed to vibration were included in this study the problem of nonattenders or non-responders did not arise.
The detailed history of the signs and symptoms was essential when making a diagnosis of HAVS and to give a first estimate of a possible Stockholm workshop staging. However it has been shown that staging by questionnaire and staging by questionnaire plus objective tests does not give the same results. 23 24 Pelmear et al found that the agreement was <45%. 24 They also state categorically "that it was not the intention of the authors of the Stockholm workshop scales to classify workers from the severity of the reported symptoms." As no single test can reliably stage either the vascular or neurological components the use of a battery of tests has been recommended. [4] [5] [6] In this study we arrived at a Stockholm workshop staging by taking into account the history of signs and symptoms, the results of 
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